This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



V 




Patent • 



Office 




r 



v.. 

The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NP10 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC. 

Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




Signed 
Dated \ 1 J Ut 20Q0 



An Executive Agency of the Department of Trade and Industry 



Patents Form 1/77 
* ■ • 

Patents Act 19/ 
(Rule 1 



Office 



Request for grant of a patent 

(See tbe notes on tbe back of this form. You can also get 
an explanatory leaflet from tbe Patent Office to belp 
youfiU in this form) 



THE F^f^n- OFFICE 
M J U Ly 7399 

D BY 



RECEIVE 



i 



The Patent Office 

Cardiff Road 
Newport 
Gwent NP9 1RH 



1. Your reference 


57.0306 GB NP 




2. Patent application number 


(The Patent Office will fill in tbis part) 




14 JUL 1999 



3- 


Full name, address and postcode of the or of 


Schlumberger Limited 




each applicant (underline all surnames) 








5 Julianaplein 






Curacao 






Netherlands Antilles 




Patents ADP number (if you know it) 






If the applicant is a corporate body, give the 






country/state of its incorporation 


Netherlands Antilles 



4. Title of the invention 



Sensing device 



5. Name of your agent (if you have one) 



WANG, William L. 



"Address for service" in the United Kingdom 
to which all correspondence should be sent 
(including tbe postcode) 



c/o Schlumberger Cambridge Research Ltd 
High Cross, Madingley Road 
Cambridge 
CB3 OEL 



Patents ADP number (if you know it) 



y>£ /4 1 col 



6. If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and (if you know it) the or 
each application number 



Country Priority application number 

(if you know it) 



Date of filing 
(day / month /year) 



If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 



Number of earlier application 



Date of filing 
(day / month /year) 



8. Is a statement of inventorship and of right 
to grant of a patent required in support of 
this request? (Answer 'Yes' if: 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body. 
See note (d)) 



YES 



Patents Form 1/77 



Patents Form 1/77 

9. Enter t' mmber of sheets for any of the 
jgHywing items you are filing with this form, 
t count copies of the same document 



Continuation sheets of this form - 

Description 1 0 

Claims 2 

Abstract 1 

Drawing^) 4 




in Tf ynn are also filing anv of the following. 



state how many against each item. 

Priority documents - 

Translations of priority documents 

Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) ~ 

Request for preliminary examination 

and search (Patents Form 9/77) ^ 

Request for substantive examination 
(Patents Form 10/77) 

Any other documents _ 

(please specify) 



11. I/We request the grant of a patent on the basis of this application. 



Signature . 7 Date 

13 July 1999 




1 2. Name and daytime telephone number of 

person to contact in the United Kingdom WANG , William L . 01223-325268 

) : 

Warning 

After an application for a patent has been filea\ the Comptroller of the Patent Office will consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You 
will be informed if it is necessary to prohibit or restrict your invention in this way. Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
written permission from the Patent Office unless an application has been filed at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction bos been revoked. 

Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 0645 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and write "see continuation sheet" in the relevant part (s). Any continuation sheet should be 
attached to this form. 

d) If you have atiswered "Yes* Patents Form 7/77 ivill need to be filed 

e) Once you have filled in the form you must remember to sign and date it 

f) For details of the fee and ways to pay please contact the Patent Office. 

Patents Form 1/77 



r 




EDUCATE 



Sensing device 



Field of the invention 



This invention relates to a sensing device for acquiring data related to conditions in a 
wellbore and characteristics of formations surrounding the wellbore. 

Background to the invention 

Measurement of characteristics, such as fluid conductivity and temperature, are often 
required along the length of a wellbore or borehole so as to collect depth-indexed 
information on surrounding rock and fluid formations or the state of the wellbore. One 
way of acquiring depth-indexed data relating to such characteristics is to lower a sensing 
device, or measuring tool, downhole on a wireline. By retracting the wireline, the tool 
can acquire data along the length of the borehole during the upwards journey. 

Other ways of measuring such characteristics are to permanently distribute sensors along 
the length of the well at fixed locations. This allows monitoring of data over time and 
depth. Alternatively data can be acquired solely over time by the use of measuring tools 
located at a fixed position at the bottom of a drill-string. 

The present invention aims to provide an alternative way of acquiring data downhole. 
Summary of the invention 



According to one aspect of the present invention, there is provided a sensing device for 
acquiring data in a fluid-containing system, such as a wellbore, comprising a body 
associated with an acquisition means to acquire and store data relating to conditions within 
the fluid-containing system, wherein the body is adapted to be transported by fluid flow. 
The sensing device can thus be used to acquire and store data relating to conditions such 



< 

• 2 
as pH, ion concentrations, temperature and fluid conductivity downhole in association with 
pressure or depth measurements, and to store and convey the acquired data to surface 
during travel through fluid within the wellbore. Data which is both time-indexed and 
pressure-, or depth-, indexed can thus be acquired. 

The sensing device may be adapted to be transported by fluid convection, typically within 
a borehole, so avoiding the need for the device to have a self-contained motive power 
source. 



The body may substantially surround and contain the acquisition means so as to protect 
the acquisition means from vigorous conditions, such as those experienced downhole. 

Preferably the body further comprises a releasable connection which allows the body to 
be secured in the fluid-containing system ready for release to begin data acquisition. 

The body may be provided with a fluid inlet to allow samples of fluid to be collected by 
the acquisition means during travel of the body to surface. This allows sampling of the 
borehole fluids over depth. 

The acquisition means may comprise a sensor means capable of acquiring and storing data 
relating to conditions within the fluid-containing system and a detection means, such as 
a pressure sensor, to detect the pressure at which data is acquired. For a wellbore, 
typically the detection means is a pressure sensor, with the pressure detected providing a 
measure of the depth in the wellbore. In this way, data obtained downhole can be indexed 
to the depth at which the data is acquired. 

The acquisition means may further comprise data storage means and data processing means 
to allow for analysis of the acquired data by the sensing device. 

The sensing device is typically placed downhole during completion of a well, preferably 
by attaching it to part of a completion drill string with the releasable connector which 
releases the device from the string in response to signals from surface passed downhole 
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along the completion drill string. 

The invention also lies in the provision of a plurality of sensing devices as aforesaid 
downhole, the devices being placed within a protective container secured downhole and 
the container comprising an actuable port to release the sensing devices. Thus the devices 
may be released singly from the container, or in multiples so as to replicate measurements. 

— Thus in accordance with another aspect of the present invention, there is provided a 
method of acquiring time-indexed and depth-indexed data, the method comprising securing 
a sensing device in a fluid-containing system by use of a tethering means, actuating the 
tethering means so as to release the sensing device for travel through fluid, acquiring data 
relating to at least one characteristic associated with the fluid-containing system as the 
sensing device travels through the fluid, and storing the acquired data within the sensing 
device for retrieval. 

Thus data relating to borehole conditions can be acquired remote from any surface 
connection. 

The invention also comprises use of the sensing device as aforesaid when downhole. 

The invention will now be described by way of example and with reference to the 
accompanying drawings in which: 

Figure 1 shows a schematic diagram of a sensing device according to the present invention 
when in position downhole; 

Figure 2 shows a schematic diagram of the sensing device; 

Figure 3 shows a schematic diagram of one method of placing a plurality of sensing 
devices downhole; 

Figure 4 shows a block diagram of electronic circuitry and controllers associated with the 
sensing device; and 

Figure 5 shows a data and control flow diagram for use in association with the sensing 
device. 
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Description 

Figure 1 shows a wellbore 10 drilled from surface 12 through a rock formation 14. The 
wellbore 10 has been completed by insertion of a completion string 16 to which a sensing 
device 20 is attached by a tether 22. The sensing device 20 is in communication with 
processing equipment 24 at surface via wireline 26. 



The sensing device 20, or sensule, is shown in detail in Figure 2 and comprises a hollow 
rigid body 30, typically made from a lightweight metal such as aluminium, containing a 
power source 32, such as a chemical battery with a power output of 50mAh, an array of 
sensors and transducers 34, an electronic processor, or integrated circuit device, 36 and 
a sampling port 40 which provides exposure of at least one of the sensors 34 to the fluid 
within the borehole 10. 

The device 20 is a small self-contained robust unit, typically 0.01m in diameter although 
it can be as small as 3mm, and includes a means of depth-indexing the acquired data, 
which is generally a pressure sensor 42. The electronic processor 36 typically includes 
time-base and memory elements, and generally comprises signal conditioning, signal 
processing and data storage elements. Thus the device 20 provides a very small, 
integrated, self-powered sensor system where integrated sensor systems on substrates, such 
as silicon, can be provided to detect and record acceleration, pressure, chemical analysis 
and many other characteristics. 

The sensors 34, 42 within the body 30 measure properties such as fluid temperature, fluid 
conductivity, total salinity, gases such as methane, hydrogen sulphide and carbon dioxide, 
and various fluid chemical composition parameters such as pH, ion concentrations etc. 
In addition fluid can be sampled, so that small samples of borehole fluid can be collected 
at particular depths or in a depth-indexed way. 

Once the sensule 20 is positioned downhole, the sensule 20 is released from the tether 22 
to acquire data relating to the wellbore. The sensules can be released on receipt of a 
command sent from the processing equipment 24 via the wireline 26, known as active 
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rclcasCi or at prc-dclcrmincd or pre-programmed time intervals. The sensing device 20 
is carried by fluid convection from the high pressure region at the tether 22 to the low 
pressure region at surface 12 so as to travel up the wellbore to surface. As the sensing 
device 20 travels from the point of release to surface, the sensors 34, 42 produce data 
relating to the characteristics along the length of wellbore 10 and the time-series and 
depth-indexed data is stored by the processor 36. 



The sensule 20 thus makes measurements throughout the well, reducing calibration and 
offset errors which are experienced in a string of sensors at fixed stations. The sensule 
20 can be adapted to calibrate sensors permanently positioned downhole by communicating 
with them via a short-range electromagnetic communication system as the sensule 20 
travels to surface 12. 

Alternatively instead of being convected to surface, the power source 32 can be used to 
drive the device 20 through the fluid, for example where it is desired to acquire data over 
a certain depth for a shorter time than travel by convection permits. 

Once at the surface, the sensule 20 is recovered by mechanical filtering of the production 
fluid and data stored in the electronic processor 36 is then downloaded via download 
connection 38 into the processing equipment 24 for analysis and manipulation. 

By using a sensule which is conveyed slowly to surface whilst acquiring data, data 
acquisition is well adapted to the slow time-rate of change of the conditions in the 
producing well for which only very low frequency data is required. 

With the pressure sensor 42, the sensule 20 is capable of acquiring data of high depth 
resolution, closely approaching that of a true distributed measurement. 

Instead of providing one sensing device for release downhole, a plurality of sensing 
devices can be provided by securing a container or nest 44 downhole, the nest containing 
a large number of sensing devices. The nest 44 can be placed at the bottom of the well 
during the initial well construction so that it is below the production zone. However slim 
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elongate nests, carried by wire-line or coiled tubing, may be positioned downhole during 
the producing life of a well when data is required on specific producing problems, such 
as water production occurring in particular intervals. 

Such a nest 44 is shown in Figure 3 and is a canister permanently attached to the 
completion string 16 with the individual sensing devices 20 released from the nest 44 when 
a command via wireline 26 instructs the nest 44 to release one or more sensing devices 
via port 46. The sensules may need activating before release. The connection of the nest 
to surface via wireline 26 allows successive sensing devices 20 to be released at discrete 
intervals in time for return to surface. 

Instead of an electromechanical release of the sensules from the port 46, other means are 
possible such as embedding the sensules in a slowly dissolving matrix, which then frees 
individual sensules for release from the nest 44 as the matrix dissolves. 

The use of a nest 44 to encapsulate the sensing devices 20 before release ensures that the 
sensing devices 20 are protected from the extreme conditions downhole for almost all of 
their lifetime in the well. This substantially reduces contamination and performance 
deterioration which besets permanent downhole sensors over many years of installation. 

A variety of different types of sensing devices can be placed in the nest. For example, 
some devices may be adapted to sense and record fluid temperature, fluid and electrical 
conductivity and pressure (i.e. depth), with others adapted to sense and record ion 
concentrations such as for ions of sodium, calcium, barium and chloride, and pressure. 
Varying release patterns of the sensing devices from the nest 44 can be used to provide 
optimal statistical sampling, and release rates from the nest programmed from the surface 
and varied to provide answers to particular operational questions. Each sensing device 20 
can be recalibrates or reprogrammed immediately before release if required. 

Where a nest 44 is used, arrival of a defective sensing device at surface can trigger the 
release of a replacement device, so avoiding undue delay in acquiring data. Also a 
number, or shoal, of devices can be released simultaneously to replicate measurements and 
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to improve data reliability. 

In Figure 4, a block diagram schematically illustrates the different processing elements 
within a sensule 60 and the external elements required on surface to retrieve data from the 
sensule 60. Typically the various processing elements incorporated into the sensule are 
integrated into a silicon CMOS device. This allows the power required for the sensule to 
be reduced, so permitting use of a smaller battery, and also reduces the size of the sensule 
body needed to contain the processing elements and other components. 

The sensule 60 has four sensors 62, 64, 66 and 68 which respectively sense chemical 
features such as ions, conductivity in the surrounding fluid, pressure (i.e. depth) and 
temperature. Any practical number, or type, of sensors may be incorporated into the 
sensule 60 depending on the application for which the sensule is required. Each sensor 
is connected to a microcontroller 70 via an appropriate data modification circuit or device. 
Thus temperature sensor 68 passes acquired data to a linear output circuit 72 which then 
passes the modified data to the integrated microcontroller 70. Similarly pressure sensor 
60, such as a silicon diaphragm, passes data to a differential amplifier 74 before 
transmission to the microcontroller 70. Conductivity sensor 64 passes data to the 
microcontroller 70 via a detection circuit 76, with chemical sensor 62 passing data via 
current measurement device 80. 

The microcontroller 70 comprises a multiplexer 82 connected to an analogue-to-digital 
convenor (ADC) 84 which is in turn connected to a controller 86. The ADC 84 is in two- 
way communication with the controller 86. Only one-way communication is necessary 
from multiplexer 82 to the ADC as the multiplexer is only required to receive data from 
the sensors and the associated data modification circuits or devices. The controller 86 has 
two set of input and output ports which are respectively connected to EEPROM 90 and 
an infra-red (ir) transceiver 92. 

External to the sensule 60, at surface, there are provided an ir transceiver 94 in two-way 
communication with PCMCIA controller 96, and a portable computer 100 in two-way 
communication with the PCMCIA controller 96. The ir transceiver 92 within the sensule 
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60 is able to transmit and receive data to/from the ir transceiver 94, so enabling download 
of data from the sensule to the computer 100 and also remote control of the controller via 
commands from the computer 100. 

Whilst reference is made to ir transceivers, any type of remote signalling may be used to 
allow the sensule to communicate with processing equipment on surface, such as radio 
frequency (RF) communication. 



When taking measurements, the operational lifetime of a sensule can be extended by 
adopting a "standby" mode between each measurement so that power is conserved. 

Figure 5 shows how data flow and control can be achieved for the sensule. 

Various examples of how the invention can be used are now described. 

Example 1 Chemical monitoring during production of produced water compositions as a 
function of depth. 

A sensule nest is built into the well during construction. This contains several thousand 
sensules, of several different types which are colour-coded (for example, red, blue, green, 
black and white) for ease of identification. Red sensules measure borehole pH and 
carbonate as a function of time and depth; blue sensules measure chloride ion, sulphate 
ion and barium ion; green sensules measure hydrogen sulphide. Black sensules detect 
specific scale inhibitor chemicals. White sensules capture fluid samples of 0. lmL volume 
at 100m intervals during the passage to surface. Second generation sensules may be 
multicoloured, providing several or all of these functions in one unit. The colour coding 
of the sensules ensures that on retrieval of the sensules from the fluid, sensules acquiring 
the same or related data can easily be selected for data analysis at the same time. 

The nest is closed from contact with borehole fluids, but incorporates an actuable port for 
ejecting sensules one by one into the fluid, according to a preprogrammed schedule, which 
may be reprogrammed from surface. Before release, each sensule is checked and 
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calibrated automatically by electronics built into the nest at the ejector port. Sensules of 
each colour are released at 10 day intervals. 

At surface, all sensules are detected automatically, shunted from the flow line and 
interrogated to download an identification tag, pressure and temperature. Chemical 
concentration data are read directly from the red, green and blue sensules. The black and 
white sensules enter an automatic chemical microanalysis system which carries out detailed 
quantitative assays of inhibitor chemical and fluid composition. Data from the white 
sensule is used to cross check data from the red, green and blue sensules. 

Sensule data form a comprehensive time-series record of the chemical composition 
variation during the producing life of the well. Such data are of value in designing 
chemical treatments for inorganic scale control; for monitoring and treating reservoir 
souring; for detecting water breakthrough; and for assessing conformance control 
interventions. 

Example 2 Detection of tracer breakthrough into producing well. 

A nest is provided at the bottom of the well and contains sensules for measuring tracer 
species. Lithium salts are injected into the fluid reservoir associated with the well in a 
tracer test. The sensules are released at a high rate (5/h) over a 20 day period (2400 total) 
to determine the lithium ion profile in the well at high spatial and temporal resolution. 
A full breakthrough history is acquired as a function of depth. 

Example 3 Analysis of hydrocarbon composition with depth. 

A nest is provided at the bottom of the well and contains sensules for acquiring 
hydrocarbon mini-samples. The sensules are intercepted automatically at surface and 
passed to an at-line chromatography/mass spectrometer for complete composition analysis, 
from which PVT properties are computed directly. Risk factors for waxing, asphaltene 
and gas hydrate are flagged automatically. Molecular biomarker analysis is used to 
improve deep reservoir mapping. 
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Example 4 Analysis of fluorescence of chemiluminescence in produced hydrocarbon. 



The sensules are configured to detect fluorescence signatures as a function of depth to 
identify precise horizons in producing intervals. 



Example 5 Analysis of inert gases with depth. 



Sensules are used to detect or capture inert gases in produced fluid and record this as a 
function of depth. The acquired data are used to determine reservoir connectivity. 

Example 6 Microbiological sampling. 

Sensules are released which detect or capture micro-organisms entering the well at 
different depths. Such data contribute new information for reservoir delineation and the 
treatment of reservoir souring. 



Example 7 Production logging. 

Temperature records are valuable in determining water entry and other changes in flow 
patterns through the reservoir and into the well. Regular sensule releases, such as weekly 
allow trends to be monitored much more closely than by typical production logging which 
usually only monitors once a year, and thus use of sensules allows more timely well 
interventions. 



Whilst the above examples refer to applications using the sensules in wells, it will be 
apparent to the person skilled in the art that sensules are also applicable for use in other 
technologies as general process monitoring devices, such as in process plants for chemical 
manufacture, drug manufacture and food processing. 




1. A sensing device for acquiring data in a fluid-containing system, comprising a body 
associated with an acquisition means to acquire and store data relating to conditions within 
the fluid-containing system, wherein the body is adapted to be transported by fluid flow. 

2. A sensing device according to claim 1, wherein the sensing device is adapted to be 
transported by fluid convection. 

3. A sensing device according to claim 1 or claim 2, wherein the body substantially 
surrounds and contains the acquisition means so as to protect the acquisition means from 
conditions in the fluid-containing system. 



4. A sensing device according to any of the preceding claims, wherein the body further 
comprises a releasable connection which allows the body to be secured ready for release 
to begin data acquisition. 

5. A sensing device according to any of the preceding claims, wherein the body is 
provided with a fluid inlet to allow samples of fluid to be collected by the acquisition 
means during travel of the body through fluid. 

6. A sensing device according to any of the preceding claims, wherein the acquisition 
means comprises a sensor means capable of acquiring and storing data relating to 
conditions within the fluid-containing system and a detection means to detect the pressure 
at which data is acquired. 



7. A sensing device according to claim 6, wherein the acquisition means further 
comprises data storage means and data processing means to allow for analysis of the 
acquired data. 
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8. Use of a sensing device according to any of the preceding claims when downhole. 



9. Use of a plurality of sensing devices according to any of claims 1 to 7, wherein the 
devices are placed within a protective container secured downhole and the container 
comprises an actuable port to release the sensing devices. 

10. A method of acquiring time-indexed and depth-indexed data, the method comprising 
securing a sensing device in fluid-containing system by use of a tethering means, actuating 
the tethering means so as to release the sensing device for travel through fluid, acquiring 
data relating to at least one characteristic associated with the fluid-containing system as 
the sensing device travels through the fluid, and storing the acquired data within the 
sensing device for retrieval. 

11. A sensing device and method substantially as herein described with reference to and 
as illustrated in the accompanying drawings. 



Abstract 



Title: Sensing device 

a cpncino Hpvipp (9.0) for acquiring data in a fluid-containing system is provided, the 
sensing device comprising a body (30) associated with an acquisition means (34, 42, 36) 
to acquire and store data relating to depth and conditions within a wellbore (10). The 
body (30) is adapted to be transported by fluid convection within a borehole and the body 
comprises a releasable connection (22) which allows the body (30) to be secured downhole 
ready for release to begin data acquisition. The body (30) is provided with a fluid inlet 
(40) to allow samples of fluid to be collected by the acquisition means (34, 42, 36) during 
travel of the body to surface and a pressure sensor (42) is included to detect the depth at 
which data is acquired. A plurality of sensing devices can be used downhole, with the 
devices placed within a protective container (44) secured downhole and the container (44) 
comprising an actuable port (46) to release the sensing devices (20). A method of 
acquiring time-indexed and depth-indexed data is also provided, the method comprising 
securing a sensing device in a fluid-containing system by use of a tethering means, 
actuating the tethering means so as to release the sensing device for travel to surface, 
acquiring data relating to at least one characteristic associated with the fluid-containing 
system as the sensing device travels through the fluid, and storing the acquired data within 
the sensing device for retrieval. 
[Figure 2] 
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